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(57) ABSTRACT 

A purpose of the invention is to provide a manufacturing 
method for a semiconductor substrate in Which a high 
quality strained silicon channel can easily be formed Without 
sacri?cing the processing efficiency of a Wafer and to 
provide a manufacturing method for a semiconductor device 
Wherein the driving performance of a PMOS transistor, in 
addition to that of an NMOS transistor, can be improved. 

The invention provides a manufacturing method for a semi 
conductor substrate With the steps of: forming a SiGe ?lm on 
the top surface of a substrate having a silicon monocrystal 
layer in the (111) or (110) plane direction as the surface 
layer; introducing buried crystal defects into the above 
described substrate by carrying out ion implantation and 
annealing treatment; and forming a semiconductor ?lm on 
the above described SiGe ?lm. 
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MANUFACTURING METHOD FOR 
SEMICONDUCTOR SUBSTRATE AND 
MANUFACTURING METHOD FOR 

SEMICONDUCTOR DEVICE 

CROSS-REFERENCE TO RELATED 
APPLICATION 

[0001] This application is related to Japanese application 
No. 2002-167399 ?led on Jun. 7, 2002, Whose priority is 
claimed under 35 USC §119, the disclosure of Which is 
incorporated by reference in its entirety. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 

[0003] The present invention relates to a manufacturing 
method for a semiconductor substrate and a manufacturing 
method for a semiconductor device, in particular, to a 
manufacturing method for a high quality, high performance 
semiconductor substrate Wherein strain is introduced due to 
the provision of a SiGe ?lm and to a manufacturing method 
for a semiconductor device utiliZing this. 

[0004] 2. Description of Related Art 

[0005] Presently, reduction in the amount of poWer con 
sumed by semiconductor devices, in particular by CMOS 
devices, is necessary as saving of natural resources. Until the 
present the loWering of the operating voltage of MOS 
transistors has been achieved by securing the driving per 
formance through miniaturization of the gate structure and 
through reduction in the thickness of the gate ?lm. 

[0006] MiniaturiZation of the transistor structure, hoW 
ever, requires great technological innovation for each gen 
eration and a further increase in the burden on developers, 
together With investment cost, can be eXpected henceforth. 

[0007] Therefore, (1) a method for securing the driving 
performance of a transistor by adopting a complete deple 
tion-type SOI transistor structure in order to reduce the S 
value (inclination of current relative to voltage in the sub 
threshold region) and (2) a technique for increasing the 
driving performance of a transistor through the adoption of 
a strained silicon channel structure utiliZing germanium 
have been proposed as techniques for securing the driving 
performance of a MOS-type ?eld-effect transistor at a loW 
poWer supply voltage Without regard to further miniaturiZa 
tion of the transistor. 

[0008] HoWever, an SOI-type transistor device according 
the above described (1) requires a complete depletion-type 
SOI structure and, therefore, the formation of transistors in 
a thin ?lm SOI layer having a thickness of approximately 50 
nm, or less, becomes necessary Wherein a process technol 
ogy is required that has a precision higher than that of the 
transistor process using a bulk substrate. In addition, an SOI 
layer is surrounded by a buried oXide ?lm, from beloW, and 
by an element isolation oXide ?lm, from the sides, and, 
therefore, a problem arises Wherein the design means uti 
liZed for a device in a bulk substrate cannot be utiliZed 
Without change. 

[0009] On the other hand, a silicon layer having tensile 
strain is formed on a layer of eutectic crystal silicon (here 
inafter speci?cally referred to as “SiGe”) containing germa 
nium of a differing lattice constant of Which the strain has 
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been relaXed and this is utiliZed for the transistor channel 
and, thereby, the driving performance of the transistor 
having a strained silicon channel structure according to the 
above described (2) is increased. That is to say, as is knoWn 
from references (IEDM Tech. Digest, 1994, pp. 373-376, 
and the like), the effective mass of an electron is reduced in 
silicon having tensile strain in comparison With in unstrained 
silicon and mobility is increased and, therefore, the driving 
performance of a transistor can be increased through the 
utiliZation of this characteristic. 

[0010] There are many prior art references in Which are 
proposed the application of the above described strained 
silicon in an NMOS transistor. In Japanese uneXamined 
patent publication No. HEI9 (1997)-82944, for eXample, a 
buffer layer 52 having a concentration gradient is formed on 
a silicon substrate 51 so that lattice strain, caused by lattice 
mismatch betWeen silicon ?lm and SiGe ?lm, is relaXed and 
a silicon layer 53 having a loW lattice constant is deposited 
on top of the buffer layer in order to be utiliZed as a strained 
silicon channel, as shoWn in FIG. 3. Buffer layer 52 having 
a concentration gradient of germanium is utiliZed in this 
MOS transistor in order to suppress the occurrence of 
dislocation at the interface betWeen the silicon substrate and 
the SiGe ?lm so as to relaX the stress due to lattice mismatch 
in the SiGe ?lm. Accordingly, it is necessary to form a gentle 
concentration gradient in this MOS transistor and, conse 
quently, a thick ?lm buffer layer, on the order of pms, is 
required. 
[0011] The deposition rate, hoWever, of a SiGe ?lm that 
utiliZes epitaxial groWth is usually as loW as from approxi 
mately several nm per minute to several tens of nm per 
minute in order to secure monocrystallinity and, therefore, a 
long period of time is required for the deposition process and 
a problem arises Wherein the processing efficiency of a Wafer 
is loWered. 

[0012] In addition, a technology utiliZing ion implantation 
in order to control stress in a SiGe ?lm is described in, for 
eXample, Japanese uneXamined patent publication No. 
2001-110725. 

[0013] According to this method a SiGe ?lm 62 is formed 
on a silicon substrate 61, as shoWn in FIGS. 4(a) and 4(b), 
and a ?rst ion implantation of oXygen, nitrogen, or the like, 
into the interface betWeen silicon substrate 61 and SiGe ?lm 
62 is carried out so as to form a stopper layer 64 for 
prevention of solid phase groWth, as shoWn in FIG. 4(c). 
After that a second ion implantation of Ge, Si, or the like, is 
carried out so as to convert the loWer portion of SiGe ?lm 
62, having a predetermined thickness, into an amorphous 
state, as shoWn in FIG. 4(a), and an amorphous layer 65a is 
converted by means of annealing into a monocrystal layer 66 
Wherein crystal defects have been reduced, as shoWn in FIG. 
4(e). Then, as shoWn in FIG. 4(f), a third ion implantation 
of Ge, Si, or the like, is carried out so as to convert the upper 
layer portion of SiGe ?lm 63 into an amorphous state and an 
amorphous layer 65b is converted into a monocrystal layer 
66 by means of reannealing. 

[0014] That is to say, implantations of ions having com 
paratively large masses and annealing are repeated a plural 
ity of times on a SiGe ?lm according to this method and, 
thereby, physical conversions, including conversion from a 
crystalline state to an amorphous state and recrystalliZation, 
are carried out. Accordingly, problems arise Wherein the 
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manufacturing process becomes complicated and, in addi 
tion, a high quality substrate in Which crystal defects have 
been suf?ciently reduced cannot be gained as the ?nal 
substrate due to physical conversion into the amorphous 
state. 

SUMMARY OF THE INVENTION 

[0015] The present invention is provided in vieW of the 
above described problems and a purpose thereof is to 
provide a manufacturing method for a semiconductor sub 
strate Wherein a high quality strained silicon channel can 
easily be formed Without sacri?cing the processing ef? 
ciency of a Wafer and to provide a manufacturing method for 
a semiconductor device Wherein the driving performance of 
a PMOS transistor, in addition to that of an NMOS transis 
tor, can be improved. 

[0016] Accordingly the present invention provides a 
manufacturing method for a semiconductor substrate com 
prising the steps of: 

[0017] forming of a SiGe ?lm on a substrate of Which 
the surface made of a silicon monocrystal layer in the 
(111) or (110) plane direction, 

[0018] introducing buried crystal defects Within the 
above described substrate due to the carrying out of 
ion implantation and annealing treatment, 

[0019] forming a semiconductor ?lm on the SiGe 
?lm. 

[0020] Also, the present invention provides a manufactur 
ing method for a semiconductor device comprising the step 
of forming a gate oxide ?lm using oZone or oxygen radicals 
on the surface of the semiconductor ?lm of the semicon 
ductor substrate, Which has been formed according to the 
above described manufacturing method for a semiconductor 
substrate. 

[0021] These and other objects of the present application 
Will become more readily apparent from the detailed 
description given hereinafter. HoWever, it should be under 
stood that the detailed description and speci?c examples, 
While indicating preferred embodiments of the invention, are 
given by Way of illustration only, since various changes and 
modi?cations Within the spirit and scope of the invention 
Will become apparent to those skilled in the art from this 
detailed description. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0022] FIG. 1(a) to (f) are principal schematic cross 
sectional vieWs for explaining a manufacturing method for 
a semiconductor substrate according to the present inven 
tion. 

[0023] FIG. 2(a) to (e) are principal schematic cross 
sectional vieWs for explaining a manufacturing method for 
a semiconductor substrate according to the present inven 
tion. 

[0024] FIG. 3 is a principal schematic cross sectional 
vieW of a semiconductor substrate according to the prior art. 

[0025] FIG. 4(a) to (f) are principal schematic cross 
sectional vieWs for explaining a manufacturing method for 
a semiconductor substrate according to the prior art. 
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DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0026] First, a SiGe ?lm is formed on the top surface, 
made of a silicon monocrystal layer in the (111) or (110) 
plane direction, of a substrate according to the manufactur 
ing method for a semiconductor substrate of the present 
invention. 

[0027] The substrate is not necessarily limited to a silicon 
monocrystal substrate but, rather, may be a substrate having 
an SOI structure Wherein a silicon monocrystal layer is 
provided, as long as the surface thereof has a silicon 
monocrystal layer in the (111) or (110) plane direction. Here, 
a substrate having a surface in the (111) plane or a surface 
in the (110) plane is used because the (111) surface has an 
atomic density per unit lattice that is 1.16 times higher, and 
the (110) surface has an atomic density per unit lattice that 
is 1.42 times higher, than that of a (100) surface crystal and 
the dislocation lines extending from the crystal defects do 
not easily groW. Accordingly, groWth in the dislocation lines 
from the beloW described crystal defects to the surface of the 
SiGe ?lm can ultimately be suppressed so that a high quality 
SiGe ?lm Without strain can be secured. 

[0028] A SiGe ?lm formed on a silicon substrate has 
compressive stress Wherein strain energy has not been 
released. That is to say, a germanium ?lm formed on a 
silicon substrate usually has a lattice mismatch of approxi 
mately 4% and receives a compressive stress from the base 
silicon substrate due to this so that a compressive stress 
and/or crystal in a strained form is, inherent in the SiGe ?lm. 
Here, the SiGe ?lm deposited on a surface in the (111) plane 
or in the (110) plane usually maintains the plane direction of 
the base substrate so as to be deposited as a monocrystal in 
the (111) plane or in the (110) plane. 

[0029] A SiGe ?lm can be formed according to a variety 
of knoWn methods such as, for example, a CVD method, a 
sputtering method, a vacuum vapor deposition method, an 
MEB method. In particular, formation as a result of epitaxial 
groWth according to a CVD method is preferable. The ?lm 
formation conditions for this case can be selected from 
among the conditions knoWn in this ?eld and, in particular, 
it is preferable for the ?lm formation temperature to be 
approximately 700° C., or loWer, and, furthermore, to be 
550° C., or loWer. Here, the deposition temperature must be 
loW in order to deposit a ?lm having a high concentration of 
Ge that is as thick as possible so that strain energy is 
accumulated in the SiGe ?lm. 

[0030] Though the concentration of Ge in this SiGe ?lm is 
not particularly limited, a concentration of Ge of from 
approximately 10 atom % to 50 atom % and, more prefer 
ably, from 10 atom % to 40 atom % can be cited as 
examples. Here, though the concentration of Ge may be 
changed in a continuous manner or in a step-by-step manner 
in the direction of the ?lm thickness and in the direction 
toWard the surface of the layer (in the direction inWards from 
the surface), it is preferable for the concentration of Ge to be 
uniform. 

[0031] It is necessary to set the ?lm thickness of the SiGe 
?lm so that slippage dislocation at the interface betWeen the 
SiGe ?lm and the silicon substrate that can occur in a 
subsequent annealing process for release of strain does not 
negatively affect the semiconductor device, for example a 
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MOSFET, that is formed on the SiGe ?lm. For example, the 
critical ?lm thickness of a SiGe ?lm having compressive 
stress is determined as a function of the concentration of 
germanium and the deposition temperature. In the case 
Wherein a ?lm thickness exceeding the critical ?lm thickness 
is adopted, a mis?t dislocation occurs due to release of stress 
at the interface betWeen the silicon substrate and the SiGe 
?lm and dislocation lines in cross-hatched forms occur on 
the surface thereof and the quality of the crystal of a 
semiconductor ?lm formed on top of that is loWered due to 
this. Accordingly, it is preferable for the ?lm thickness to be 
less than the critical ?lm thickness. Concretely, a thickness 
of from approximately 10 nm to 500 nm can be cited. In 
particular, it is preferable for the ?lm thickness of the SiGe 
?lm to be 300 nm, or greater, taking into consideration the 
formation of a PN junction in the subsequent process. 

[0032] Here, in the present invention, a silicon ?lm may be 
formed on the substrate before the SiGe ?lm is formed. It is 
preferable for this silicon ?lm to be a silicon monocrystal 
?lm and this silicon ?lm has a function of preventing the 
formation of local hillocks and voids due to abnormal 
groWth of the SiGe ?lm formed on top of this silicon ?lm. 
The silicon ?lm can be formed according to the similar 
method described above. It is appropriate for the ?lm 
thickness of the silicon ?lm to be, for example, from 
approximately 5 nm to 50 nm. 

[0033] Next, ion implantation and annealing treatment are 
carried out. 

[0034] It is preferable to select appropriate ion species for 
ion implantation so that crystal defects do not remain in the 
SiGe ?lm through Which ions pass, so that the nuclear 
blocking performance becomes of the maximum immedi 
ately before the average range (Rp) Wherein the ions stop so 
as to introduce crystal defects in the vicinity of the average 
range (implantation peak) and so that the device is not 
electrically affected in the process, including in the beloW 
described annealing. Accordingly, elements having a loW 
mass, in particular hydrogen or helium, are preferable. That 
is to say, light elements are used for ion implantation and, 
thereby, buried crystal defects can be introduced into the 
implantation region Without a conversion to the amorphous 
state. 

[0035] Here, a technology (brittleness breakage technol 
ogy) is described in IEICE Trans. Electron., E80-C, 358 
(1997) Wherein a hydrogen ion implantation into a UNI 
BOND, Which is a combined SOI Wafer, is applied as a 
technology for introducing crystal defects by means of ion 
implantation and, thereby, microscopic defects are intro 
duced and are groWn so as to become a cluster of defects by 
means of the subsequent annealing treatment and, then, the 
SOI Wafer is Smart Cut. Though here a dose of 5, or greater, 
><1016 cm2 is used for the purpose of the Smart Cut, a dose 
of from approximately 1><1016 cm2 to 5><1016 cm2 is prefer 
able as a dose that alloWs the introduction of crystal defects 
Without the introduction of a Smart Cut in the present 
invention. 

[0036] It is effective to set the average range (Rp) of ions 
that are ion implanted at a value that is greater than the ?lm 
thickness of the SiGe ?lm deposited on a silicon substrate or 
a value that is greater than the total ?lm thickness of a silicon 
?lm and a SiGe ?lm in the case Wherein the silicon ?lm is 
formed on a silicon substrate and the SiGe ?lm is formed on 
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top of the silicon ?lm. In addition, a correlation betWeen the 
position of the buried crystal defects formed by means of the 
beloW described annealing after ion implantation and the 
crystal defects on the surface of the SiGe ?lm Was recog 
niZed. Furthermore, extension of the dislocation lines from 
the buried crystal defects to the SiGe ?lm Was con?rmed. 
Accordingly, reduction in crystal defects that extend to the 
surface of the SiGe ?lm can be achieved by setting the 
position of the buried crystal defects at a position beloW the 
interface betWeen the SiGe ?lm and the silicon substrate or 
beloW the interface betWeen the silicon ?lm and the silicon 
substrate. On the other hand, in the case Wherein Rp is 
shalloW, buried crystal defects occur in the vicinity of Rp 
and, in addition, secondary defects neWly occur at the 
interface betWeen the silicon substrate and the SiGe ?lm or 
at the interface betWeen the silicon substrate and the silicon 
?lm due to the above buried crystal defects and, thereby, the 
?atness of the surface of the SiGe ?lm, in addition to the 
penetrating dislocations, is loWered. Accordingly, it is desir 
able to set the average range of ion implantation to be in a 
range from the interface betWeen the silicon substrate and 
the SiGe ?lm or the interface betWeen the silicon substrate 
and the silicon ?lm to position 300 nm beloW the interface, 
taking into consideration the correlative behavior opposite to 
the release in strain in the SiGe ?lm due to crystal defects 
and reduction in crystal defects on the surface. Thus, the 
acceleration energy for ion implantation can be appropri 
ately adjusted based on the ion species used, the ?lm 
thickness of the SiGe ?lm, the existence of the silicon ?lm, 
the ?lm thickness thereof, and the like, and an implantation 
energy of from approximately 20 keV to 150 keV, preferably 
from approximately 30 keV to 35 keV, for example, can be 
cited. 

[0037] Furnace annealing, lamp annealing, RTA, and the 
like, for example, can be cited as heat treatments that can be 
carried out in a temperature range of from 700° C. to 950° 
C. for from approximately 10 to 30 minutes under an inert 
gas atmosphere (argon, or the like), under a normal atmo 
sphere, under a nitrogen gas atmosphere, under an oxygen 
gas atmosphere, under a hydrogen gas atmosphere, and the 
like. 

[0038] Here in the present invention a second SiGe ?lm 
can be formed on top of the SiGe ?lm after ion implantation 
and annealing have been carried out as described above and 
the SiGe ?lm in its ultimate form may be formed of a 
plurality of layered ?lms. The second SiGe ?lm formed here 
can be formed by the same method as described above so as 
to have the same ?lm thickness. This second SiGe ?lm may 
be formed of a plurality of layered ?lms having the same or 
different concentrations of Ge. 

[0039] Furthermore, a semiconductor ?lm is formed on 
the SiGe ?lm. The semiconductor ?lm is formed on the SiGe 
?lm, Wherein strain has been relieved and, therefore, the 
semiconductor ?lm has intrinsic strain. The semiconductor 
layer is not speci?cally limited as long as it has a diamond 
structure in the same manner as silicon and Si, SiC, or a SiGe 
?lm having a concentration of Ge that is loWer than that of 
the above described SiGe ?lm can be cited. In particular, a 
silicon ?lm is preferable. The concentration of C in the SiC 
is not speci?cally limited but, rather, a concentration of from 
approximately 0.1 atom % to 7 atom % can be cited. In 
addition, it is appropriate for the concentration of Ge in the 
SiGe to be approximately 10 atom %, or loWer. The semi 
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conductor ?lm can be formed by the same method as that for 
the SiGe ?lm and, for example, it is preferable to form, 
subsequent to the formation of the SiGe ?lm, the semicon 
ductor ?lm in the same unit as is used for the SiGe ?lm by 
changing the growth gases. Thereby, pollution from oxygen, 
or the like, of the surface of the SiGe ?lm can be reduced. 
It is preferable for the temperature of the substrate in this 
case to be from approximately 400° C. to 650° C. It is 
preferable for the ?lm thickness of the semiconductor ?lm to 
be great, taking into consideration: reduction in the thick 
ness of the ?lm in subsequent manufacturing processes for 
the semiconductor device; diffusion of Ge from the SiGe 
?lm; and the like, While it is preferable to form the ?lm so 
as to have a ?lm thickness of the critical ?lm thickness, or 
less, in order to suppress the occurrence of defects due to 
tensile strain of the semiconductor ?lm that occurs after the 
process of relieving strain of the SiGe ?lm. Here, it is 
preferable to make the semiconductor ?lm thinner as the 
concentration of germanium of the SiGe ?lm is increased 
and it is preferable to make the semiconductor ?lm thinner 
as the temperature for heat treatment that is subsequently 
carried out in the manufacturing process for a semiconductor 
device is increased. A ?lm thickness of from approximately 
1 nm to 100 nm, more preferably, from approximately 5 nm 
to 30 nm, can be concretely cited. Here, this semiconductor 
?lm may be formed of a plurality of layered ?lms having the 
same, or different, components. 

[0040] Thereby, a SiGe ?lm With no dislocations Wherein 
the stress has been relieved can easily be formed and a 
semiconductor ?lm formed on top of that can be made a 
strained semiconductor ?lm of a good quality With suf?cient 
strain so that the targeted increase in the mobility of the 
carriers can be achieved in the case Wherein a semiconductor 
device is formed using the gained substrate. 

[0041] In addition, the semiconductor ?lm of the present 
invention in the semiconductor substrate gained in the above 
described manner is used as an active layer (channel) While 
the surface of this semiconductor ?lm undergoes radical 
oxidation using radicals of oZone or oxygen and, thereby, a 
gate oxide ?lm is formed. That is to say, the poor ?lm 
characteristics of a gate oxide ?lm in the (111) plane, 
Wherein the insulation breakdoWn Withstand voltage is loW, 
can be improved by adopting a novel oxidation technology 
represented by the radical oxidation technology reported in 
recent years in IEDM Tech. Dig., p 249, 1999, though the 
poor electrical insulation characteristics of a gate oxide ?lm 
formed on silicon in the (111) plane direction have so far 
been problematic. Therefore, the conditions, and the like, for 
radical oxidation can be selected in accordance With the 
report in this reference. 

[0042] Here, a gate electrode is formed according to a 
knoWn method after formation of the gate oxide ?lm and, 
then, source/drain regions are formed by means of ion 
implantation and, thereby, a semiconductor device can be 
completed. In addition, this semiconductor device may have 
an LDD structure or a DDD structure. Thereby, a semicon 

ductor device having excellent electrical characteristics can 
be gained. 

[0043] Carrier mobility in the semiconductor layer (for 
example, silicon layer) in the (111) plane direction having 
tensile strain, Which has been formed in the above described 
manner, is approximately 1.5 times as high as that of 
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unstrained silicon in the (100) plane direction in the case of 
an NMOS and is approximately 2 times as high as that of 
unstrained silicon in the (100) plane direction in the case of 
a PMOS. 

[0044] In the folloWing a manufacturing method for a 
semiconductor substrate and a manufacturing method for a 
semiconductor device according to the present invention are 
described in detail in reference to the draWings. 

[0045] Embodiment 1 

[0046] First, as shoWn in FIG. 1(a), a monocrystal silicon 
substrate 1 in the (111) crystal plane direction is Washed 
according to a knoWn method and a SiGe ?lm 2 having a 
concentration of Ge of 25 atom % and having strain is 
epitaxially groWn on this silicon substrate 1 at 520° C. so as 
to have a ?lm thickness of 300 nm. 

[0047] Next, as shoWn in FIG. 1(b), hydrogen ions 3 are 
ion implanted into silicon substrate 1 With an energy of 30 
keV and With a dose of 3><1016 cm2 so that the implantation 
range (Rp) of the ions reaches from the interface betWeen 
strained SiGe ?lm 2 and silicon substrate 1 into silicon 
substrate 1 side, that is to say, to a depth of 50 nm from the 
interface. This ion implantation introduces microscopic 
defects 4 to the vicinity of Rp Without destruction of the 
crystal and Without leaving defects on the surface side of the 
substrate that has been implanted With ions. 

[0048] Then, as shoWn in FIG. 1(c), annealing treatment 
is carried out on silicon substrate 1 under an inert atmo 
sphere at a temperature of 80° C. for 10 minutes. Micro 
scopic defects 4, Which have been introduced into silicon 
substrate 1, are converted into a cluster 5 of defects accord 
ing to this treatment. 

[0049] That is to say, the angles betWeen covalent bonds 
of silicon are partially altered due to microscopic defects 
introduced by means of ion implantation so that a high 
energy state is gained. It is considered that the hydrogen 
remaining in the lattice is captured by these microscopic 
defect portions of a high energy state and hydrogen reacts 
With silicon by means of thermal energy during annealing so 
that Si—H bonds are created and Si—Si bonds are sequen 
tially severed and, then, this reaction loop is repeated so as 
to form cluster 5 of defects. Then the silicon substrate body 
and the silicon region betWeen the defects and the SiGe ?lm 
interface in the crystal are “severed” from each other at the 
time of the formation of cluster 5 of defects. In the case 
Wherein the strain energy accompanying the lattice mis 
match of the adjacent SiGe ?lm 2 becomes greater than the 
lattice energy of this silicon layer in this “severed silicon 
region,” the strain energy of SiGe ?lm 2 is relieved through 
the reception of thermal energy during annealing so that 
SiGe ?lm 2 is converted into unstrained SiGe ?lm 6. That is 
to say, the relief of the strain of the SiGe ?lm is determined 
according to the siZe of the above described lattice energy of 
the region of the “severed silicon layer” betWeen the defects 
and the SiGe interface as Well as of the lattice strain energy 
of SiGe ?lm 2. Accordingly, the thickness of the severed 
silicon region betWeen the defects and the SiGe ?lm inter 
face should be as small as possible in the case Wherein only 
the relief of lattice strain of SiGe ?lm 2 is considered. That 
is to say, the ion implantation range Rp of FIG. 1(b) should 
be as shalloW as possible from the interface betWeen the 
SiGe ?lm and silicon substrate 1. 
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[0050] On the other hand, it Was con?rmed that some 
penetrating dislocation lines reach into SiGe ?lm 2 from 
cluster 5 of defects, Which are generated through conversion 
during annealing. Measures such that 1) SiGe ?lm 2 is 
deposited to have a great thickness, 2) cluster 5 of defects is 
generated at a distance aWay from the interface betWeen 
SiGe ?lm 2 and silicon substrate 1, and the like, can be 
considered in order to prevent these dislocation lines from 
extending to the surface of SiGe ?lm 6. HoWever, measure 
1) is limited according to the critical ?lm thickness and only 
measure 2) should be carried out. Accordingly, ion implan 
tation range Rp is determined from the tradeoff relationship 
betWeen the above described relief of strain of SiGe (reduc 
tion in the thickness of the silicon ?lm) and reduction in the 
defects on the surface thereof (increase in the thickness of 
the silicon ?lm). 

[0051] The degree of relief of strain in unstrained SiGe 
?lm 6 is analyZed by means of an X-ray diffraction analysis 
(XRD) using a substrate that has been processed and manu 
factured as described above and, then, it Was con?rmed that 
90% of the strain energy Was relieved and that the SiGe ?lm 
Was converted to an approximately unstrained condition. In 
addition, it Was con?rmed through analysis using a Nomar 
ski phase contrast microscope or a scanning electron micro 
scope (SEM) that the number of penetrating dislocation lines 
extending from cluster 5 of defects to the surface of 
unstrained SiGe ?lm 6 Was from feW to nearly negligible. 

[0052] Next, as shoWn in FIG. 1(a), a silicon monocrystal 
?lm 7 is epitaxially groWn at a temperature of 700° C. so as 
to have a ?lm thickness of approximately 20 nm above 
silicon substrate 1, on Which unstrained SiGe ?lm 6 has been 
formed. Here, a silicon substrate in the (111) plane direction 
is used as a starting substrate material and the plane direction 
is sequentially transferred so that the plane direction of this 
silicon monocrystal ?lm 7 also becomes of (111). 

[0053] The existence of ?lm strain in silicon monocrystal 
?lm 7 is determined according to the siZe of the lattice 
energy of this silicon monocrystal ?lm 7 and that of 
unstrained SiGe ?lm 6 directly beneath the silicon monoc 
rystal ?lm. It is necessary for silicon monocrystal ?lm 7 to 
have tensile strain for the purpose of application to a device. 

[0054] Thereby, a semiconductor substrate Wherein a 
strained silicon ?lm is formed on the surface Was manufac 
tured. 

[0055] Then, as shoWn in FIG. 1(e), an element isolation 
layer 8 is formed according to a knoWn method utiliZing the 
gained silicon substrate 1. In addition, a gate oxide ?lm 9 is 
formed by oxidiZing the surface of the gained silicon sub 
strate 1 Within a plasma sheath Wherein a mixed gas of Kr 
and oxygen is converted to plasma at 400° C. so that a 4.5 
nm gate oxide ?lm 9 is formed. The Withstand voltage 
characteristics of a gate oxide ?lm can be improved so as to 
solve the problem With silicon in the (111) plane by adopting 
such radical oxidation. 

[0056] After that, as shoWn in FIG. 10‘), a gate electrode 
10 and source/drain regions 11 are formed according to a 
knoWn method so that a MOS transistor having a channel in 
tensilely-strained silicon is manufactured. 

[0057] The mobility of the carrier in the gained transistor 
Was evaluated and it Was con?rmed that the mobility of both 
electrons as Well as holes Was increased in comparison With 
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that in a transistor having a channel in unstrained silicon, as 
shoWn in Table 1. 

TABLE 1 

Mobility 
Channel material and cmz/sv 

plane direction Electrons Holes 

Unstrained silicon (100) 500 100 
Unstrained silicon (111) 350 150 
Tensilely-strained silicon 700 210 
(111) 

[0058] Embodiment 2 

[0059] First, as shoWn in FIG. 2(a), monocrystal silicon 
substrate 21a in the (111) crystal plane direction Was Washed 
according to a knoWn method and a silicon monocrystal ?lm 
21b Was epitaxially groWn on silicon substrate 21a to have 
a thickness of 5 nm and a strained SiGe ?lm 22 having Ge 
of 25 atom % epitaxially groWn to have a thickness of 300 
nm. Here, the temperature at the time of deposition Was set 
at 520° C. In addition, in contrast to the above described 
Embodiment 1, silicon monocrystal ?lm 21b Was deposited 
in order to suppress local hillocks and voids due to abnormal 
SiGe groWth. Moreover, though a silicon ?lm Was deposited 
on a silicon substrate in the above described embodiment, 
strained SiGe ?lm 22 containing a concentration of germa 
nium of 25 atom % may be epitaxially groWn directly on the 
silicon substrate in the same manner as in Embodiment 1 so 
as to have a thickness of 300 nm. 

[0060] Next, as shoWn in FIG. 2(b), tWo layers of micro 
scopic defects 24 due to ion implantations Were introduced 
inside of the gained silicon substrate 21a by carrying out the 
ion implantations under ?rst ion implantation conditions of 
30 keV Wherein hydrogen ions 23 had an implantation range 
in the silicon substrate, beneath the interface betWeen SiGe 
?lm 22 and the silicon substrate, of approximately 50 nm 
and under second ion implantation conditions of 38 keV 
Wherein hydrogen ions 23 had an implantation range in the 
silicon substrate, beneath the interface betWeen SiGe ?lm 22 
and the silicon substrate, of approximately 100 nm. The 
implantation amount Was set at 2><101° cm2 for each implan 
tation under the respective energy conditions. 

[0061] Here, the purpose of forming tWo layers of micro 
scopic defects 24 is to reduce the amount of the ?rst ion 
implantation, Which has Rp close to the SiGe ?lm interface, 
so that the density of penetrating dislocations that occur in 
the subsequent step is reduced and to supplement the stress 
relief effects of SiGe ?lm 22, Which have been Weakened 
due to the reduction in the amount of the ?rst implantation, 
With effects from the second ion implantation. 

[0062] Then, as shoWn in FIG. 2(c), an annealing treat 
ment Was carried out on the gained silicon substrate 21a 
under an inert atmosphere at a temperature of 800° C. for 10 
minutes. This treatment converts microscopic defects 24, 
Which Were introduced into silicon substrate 21a, into clus 
ter 25 of defects. At the same time the strain energy is 
relieved from SiGe ?lm 22 When thermal energy is received 
during annealing so that SiGe ?lm 22 is converted into 
unstrained SiGe ?lm 26a. 

[0063] Next, as shoWn in FIG. 2(a'), second SiGe ?lm 26b 
Was epitaxially groWn on unstrained SiGe ?lm 26a and, 
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furthermore, silicon monocrystal ?lm 27 Was epitaXially 
grown on top of that in a sequential process, as shoWn in 
FIG. 2(e). 

[0064] In this case the strain Was already relieved from the 
base SiGe ?lm 26a and, therefore, second SiGe ?lm 26b 
becomes a SiGe ?lm to Which the (111) plane direction is 
transferred and in Which the strain has been relieved While 
silicon monocrystal ?lm 27 becomes a strained silicon ?lm 
having tensile strain. The elimination of penetrating dislo 
cations that have expanded to the surface of SiGe ?lm 26a, 
Which becomes the seed surface for epitaXially groWth, is 
advanced due to the additional deposition according to this 
sequential process of second SiGe ?lm 26b and, therefore, 
this contributes to the formation of a silicon monocrystal 
?lm 27 With virtually no dislocations. 

[0065] Here, though the degree of freedom of temperature 
control at the time of ?lm deposition is great in comparison 
With that at the time of the deposition of ?rst SiGe ?lm 26a, 
temperature control is restricted at the time of ?lm deposi 
tion at high temperature due to the occurrence of thermal 
diffusion of germanium atoms from SiGe ?lms 26a and 26b 
into silicon ?lm 21b side. No problem arises in the case 
Wherein the temperature at the time of deposition is in a 
range of from 500° C. to 800° C. In the present embodiment 
the temperature Was set at 520° C. and SiGe ?lm 26 Was 
deposited to have a thickness of 300 nm and silicon monoc 
rystal ?lm 27 Was deposited to have a thickness of 20 nm. 

[0066] Thereby, a semiconductor substrate With a strained 
silicon ?lm formed on its surface Was manufactured. 

[0067] A transistor Was manufactured using this silicon 
substrate 21a in the same manner as in Embodiment 1 in 
order to evaluate carrier mobility and the same improve 
ments as in Embodiment 1 Were con?rmed concerning both 
electron and hole mobility. 

[0068] According to the present invention a SiGe ?lm 
Without dislocations Wherein stress has been relieved can 
easily be formed in accordance With a manufacturing 
method having a sequence of steps Wherein: a substrate 
having a silicon layer in the (111) or (110) plane direction 
With a high atomic density is used; a compressed strained 
SiGe ?lm is deposited; buried crystal defects are introduced 
by means of ion implantation and annealing; compressed 
strain is relieved from the SiGe ?lm; and a semiconductor 
?lm having tensile strain is deposited and a high quality 
semiconductor ?lm deposited on top of the upper layer can 
be provided With suf?cient tensile strain. 

[0069] In addition, in the case Where a semiconductor 
device is manufactured by using such a semiconductor 
substrate and by forming a gate insulator ?lm by means of 
radical oXidation, deterioration in the quality of the gate 
oXide ?lm is avoided, the electrical insulation characteristics 
of the gate oXide ?lm can be improved and carrier mobility 
can be greatly improved that in the unstrained semiconduc 
tor substrate in the (100) plane direction so that it becomes 
possible to provide a semiconductor device With a loW 
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operating voltage and of a loW poWer consumption, Which 
cannot be achieved by a conventional device. 

What is claimed is: 
1. A manufacturing method for a semiconductor substrate 

comprising the steps of: 

forming of a SiGe ?lm on a substrate of Which the surface 
made of a silicon monocrystal layer in the (111) or 
(110) plane direction, 

introducing buried crystal defects Within the above 
described substrate due to the carrying out of ion 
implantation and annealing treatment, 

forming a semiconductor ?lm on the SiGe ?lm. 
2. A manufacturing method for a semiconductor device 

according to claim 1 in Which a second SiGe ?lm is formed 
on the SiGe ?lm after the ion implantation and annealing but 
before the formation of the semiconductor ?lm. 

3. A manufacturing method for a semiconductor device 
according to claim 1 in Which a silicon ?lm is formed on the 
substrate before the SiGe ?lm is formed on the substrate. 

4. A manufacturing method for a semiconductor device 
according to claim 1 in Which the SiGe ?lm is a monocrystal 
?lm. 

5. A manufacturing method for a semiconductor device 
according to claim 1 in Which the SiGe ?lm has a thickness 
of from 10 nm to 500 nm. 

6. A manufacturing method for a semiconductor device 
according to claim 1 in Which the SiGe ?lm has a concen 
tration of Ge of from 10 atom % to 50 atom %. 

7. A manufacturing method for a semiconductor device 
according to claim 1 in Which the SiGe ?lm is formed at a 
temperature beloW 700° C. 

8. A manufacturing method for a semiconductor device 
according to claim 1 in Which the ion implantation is an ion 
implantation using ion seeds consisting of ions of hydrogen 
or helium. 

9. A manufacturing method for a semiconductor device 
according to claim 1 in Which the ion implantation is carried 
so that an average range of ions reaches an inside of the 
silicon substrate. 

10. A manufacturing method for a semiconductor device 
according to claim 1 in Which the ion implantations are 
repeated a plurality of times at different average ranges. 

11. A manufacturing method for a semiconductor device 
according to claim 1 in Which a dose of the ion implantations 
is from 1><1016 cm2 to 5><1016 cm2. 

12. A manufacturing method for a semiconductor device 
according to claim 1 in Which a temperature of the annealing 
treatment is 650° C. to 950° C. 

13. A manufacturing method for a semiconductor device 
comprising the step of forming a gate oXide ?lm using oZone 
or oXygen radicals on the surface of the semiconductor ?lm 
of the semiconductor substrate, Which has been formed 
according to claim 1. 


